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GENE THERAPY 

This is a contmuati n f application Scr. No. 904,662, 
filed Sep. 8, 1992, now abandoned, which is a continua- ' 5 
tion-in-part of U.S. application Ser. No. 868,794,. filed 
Apr. 15, 1992, abandoned, which is a continuation-in- 
part of U.S. Ser. No. 807,446, filed Dec 13, 1991, aban- 
doned, which is a continuation-in-part of U.S. Ser. No. 
365,567, abandoned 10 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to the use of primary human 15 
cells as vehicles for human gene transfer. More particu- 
larly, this invention relates to the use of human cells 
(such as, for example, but not limited to, human blood 
cells) as vehicles for the transfer of human genes encod- 
ing therapeutic agents and/or genes encoding detect- 20 
able markers. 

2. Background Information 

Retro viral-mediated gene transfer is a new therapeu- 
tic approach for the treatment of human disease (W. F. 
Anderson, Science 226:401 (1984)). Initial attention has 25 
centered on candidate diseases affecting the bone mar- 
row such as the hemoglobinopathies and severe com- 
bined immunodeficiency. Early attempts at bone mar- 
row gone transfer in large mammals and primates were 
only partially successful. As an additional approach, 30 
specific blood cells, for example lymphocytes, have 
been used. Lymphocytes have: several features which 
make them potentially attractive cellular vehicles for 
gene therapy (K. Culver, etal, J. Cellular Biochemistry . 
SuppL 12B:171 (1988); R. M. Blaese, et al, Clin. Re- 
search 37:599A (1989)). 

Lymphocytes are readily available from peripheral 
blood as a single cell suspension and they are easily 
manipulated in tissue culture where the availability of 40 
recombinant growth-factors such as rIL-2 permits their 
expansion by thousands of fold. This adaptability to 
tissue culture allows serial attempts at gene insertion, 
selection procedures and time to test for gene expres- 
sion and other pr o p er ti es of the gene-transduced cells 45 
prior to their return to the patient. Long-lived antigen- 
specific memory lymphocytes proliferate when exposed 
to their appropriate antigen and thus the population of 
gene-treated lymphocytes can be selectively and specif- 
ically expanded in vivo by immunization of the host 50 
Finally, some populations of antigen-specific lympho- 
cytes "target" to sites in the body containing deposits of 
antigen. Therefore, it is expected that gene-treated anti- 
gen-specific lymphocytes can be used to deliver specific 
gene products directly to the site of pathology, such as 
a tumor, in a treated patient For example, clinical stud- 
ies with systenucally administered recombinant cyto- 
kines alone and in conjunction with tumor infiltrating 
lymphocytes (TIL), have shown promise in the treat- ^ 
ment of certain cancers (S. A. Rosenberg, et al, New 
Engl J. Med. 318:889 (1987); S. A. Rosenberg, etal, J. 
NatL Cancer Institute 80:1393-1397 (1988)). It is ex- 
pected that TIL transduced with genes promoting se- 
cretion of such a cytokine and using the TTLs wn 65 
unique antigen-specific recept rs to target them to de- 
posits f tumor will permit greater antitumor effect with 
less systemic toxicity. 



SUMMARY OF THE INVENTION 

In accordance with an aspect of the present inven- 
tion, there are provided primary human cells which are 
genetically engineered with DNA (RNA) which en- 
codes a therapeutic agent of interest, and the genetically 
engineered cells are employed as a therapeutic agent 
(The term "therapeutic," as used herein, includes treat- 
ment and/or prophylaxis.) 

A primary cell is one which will not have indefinite 
growth in culture; Le., the cell has not been manipulated 
or transformed to provide for indefinite growth in cul- 
ture. 

The DNA (RNA) which is used for transducing the 
human cells may be one whose expression product is 
secreted from the cells. In another embodiment, the 
DNA (RNA) cures a genetic deficiency of the cells and 
the expression product is not secreted from the cells (for 
example, the expression product of DNA encoding 
ADA is not secreted from the cells). 

The human cells may also be genetically engineered 
with DNA (RNA) which functions as a marker, as 
hereinafter described in more detail. 

Thus, in accordance with another aspect of the pres- 
ent invention, there are provided primary human cells 
which are genetically engineered to include DNA 
which encodes a marker or therapeutic, with such cells 
expressing the encoded product in vivo. 

In one embodiment, the invention is directed to a 
method of enhancing the therapeutic effects of human 
primary cells. For example, there is provided a method 
of enhancing the therapeutic effects of human primary 
cells which specifically "target" to a tissue site in a 
patient, whereby DNA (RNA) which encodes an agent 
that enhances the therapeutic effects is inserted in the 
cells. The tissue site can be, for example, a tumor. The 
DNA (RNA) produces the agent in the patient's body, 
and in accordance with such embodiment the agent is 
expressed at the tissue site itself. Similarly, as herein- 
above indicated, primary human cells which are geneti- 
cally engineered need not be targeted to a specific site 
and in accordance with the invention, such engineered 
primary human cells function as a systemic therapeutic; 
e.g., a desired therapeutic agent can be expressed and 
secreted from the cells systemically. 

In one embodiment, the primary human cells may be 
primary human nucleated blood cells or primary human 
tumor cells. 

In a preferred embodiment, the primary human cells 
are primary human nucleated blood cells. 

The primary human blood cell which can be used in 
the present invention include leukocytes, granulocytes, 
monocytes, macrophages, lymphocytes, immature 
forms of each of the previous cells (as well as immature 
erythroblasts) (CD34+ cells) and totipotent stem cells 

In one embodiment, human cells, preferably blood 
cells, which are genetically engineered are cells which 
are targeted to a specific site; for example, the cells can 
be tumor infiltrating lymphocytes (TIL cells). In such 
case, the engineered cells function as a therapeutic at 
such she. In another aspect, the cells are n t cells which 
are targeted to a specific site and in such aspect such 
cells function as a systemic therapeutic. 

The DNA carried by the cells can be any DNA hav- 
ing clinical usefulness, for example, any DNA that di- 
rectly or indirectly enhances the therapeutic effects of 
the cells. Alternatively, the DNA carried by the cells 
can be any DNA that allows the cells t exert athera- 
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peutic effect that the cells would not exert Examples of FIG. 2 shows the proliferative response of murine 
suitable DNA, which can be used for genetically engi- splenic lymphocytes and 14.1-T cells to stimulation 
neering, f r example, bl od cells, include those that with phytohemagglutinin and EL-2 and the effect of 
encode cytokines such as tumor necrosis factor (TNF), G418 on this proliferati n. 

interleukms (for example, interleukins 1-12), interferons 5 FIG. 3A demonstrates that human N2-transduced 
(a, ^,7-mterferons), T-cell receptor proteins and the Fc TIL expresses sufficient NPT to become resistant to the 
receptors for antigen-binding domains of antibodies, toxic effects of G418 on cellular proliferation. FIG. 3B 
such as immunoglobulins. shows growth curves of h uman N2-transduced and 

In another embodiment, the inserted genes are untreated TIL for the 30 day period following gene 
marker genes which permit determination of the traffic 10 insertion; 

and survival of the transformed cells in vivo. Examples FIG. 4 demonstrates absolute Blood T Cell levels of 
of such marker genes include the neomycin resistance patient #1 receiving ADA gene therapy in accordance 
(neoR) gene, multi-drug resistant gene, thymidine ki- with the procedure of Example 4. The bar portion of 
nase gene, /3-gaIactosidase, dehydrofolate reductase the figure is the transduced T-cells infused at the day 
(DHFR) and chloroamphenicol acetyl transferase. 15 indicated; and 

Thus, in accordance with another embodiment, there FIG. 5 demonstrates the ADA enzyme activity of 
is provided a process for treating a patient with a thera- patient # 1 during treatment 

peutic agent by providing the patient with primary A „ ^ ^„^^_^ T 

human cells, preferably nucleated blood cells, geneti- DETAILED DESCRIPTION OF THE 

cally engineered with DNA (RNA) encoding such 20 INVENTION 

therapeutic agent As indicated above, the present invention relates to 

The cells may be genetically engineered in vitro or in the use of primary human cells as cellular vehicles for 
vivo. For example, cells may be removed from a pa* gene transfer. Hie genes can be any gene having clinical 
tient; genetically engineered in vitro with DNA (RNA) usefulness, for example, therapeutic or marker genes, 
encoding the therapeutic agent, with such genetically 25 Preferably, the primary human cells are blood cells, 
engineered cells being readministered to the patient The term "blood cells" as used herein is meant to in- 
Such a treating procedure is sometimes referred to as an elude all forms of nucleated blood cells as well as pro- 
ex vivo treatment genitors and precursors thereof, as hereinabove de- 

Altematively, DNA (RNA) encoding the therapeutic scribed, 
agent may be administered to the patient for delivery of 30 In one embodiment, the invention is directed to a 
the DNA in vivo to the targeted cells. Such may be method of enhancing the therapeutic effects of human 
accomplished by the use of a variety of delivery sys- primary cells, preferably blood cells, that are infused in 
terns, eg., a retroviral or other viral vector; liposomes a patient, comprising: (i) inserting into the human pri- 
etc - mary cells of a patient a DNA (RNA) segment encod- 

Thus, in accordance with another embodiment, a 35 ing a product that enhances the therapeutic effects of 
patient is provided with human primary cells which are the human primary cells; and (ii) introducing cells re- 
genetically engineered with DNA (RNA) encoding a suiting from step (1) into the patient The gene can be 
therapeutic agent whereby such therapeutic agent may inserted into the human primary cells using any gene 
be expressed in vivo. As hereinabove indicated, such transfer procedure, for example, ietroviral-mediated 
genetically engineered cells may be provided by admin- 40 gene transfer, dectroporation, calcium phosphate medi- 
istering to the patient cells which have been genetically ated transection, microinjection or proteoliposomes. 
en gine ered ex vivo or by administering the DNA Other vectors can be used besides retroviral vectors, 
(RNA) as part of a delivery system for genetically engi- including those derived from DNA viruses and other 
neering targeted cells in vivo. RNA viruses. As should be apparent when using an 

In accordance with another embodiment, there are 45 RNA virus, such virus includes RNA which encodes 
provided primary human cells genetically engineered the desired agent, with the human primary cells which 
with DNA (RNA) encoding a therapeutic agent are genetically engineered with such RNA virus thus 

In accordance with a further aspect of the present being provided with DNA encoding the agent 
invention, there is provided a composition comprising More specifically, there is provided a method of en- 
CD primary human cells genetically engineered with 50 hancing the therapeutic effects of blood cells, that are 
DNA (RNA) encoding a therapeutic agent and (ii) a infused in a patient, comprising: © inserting into the 
pharmaceutical^ acceptable carrier suitable for admin- blood cells of a patient a DNA (RNA) segment encod- 
istration to a patient. Preferably, the primary human ing a product that enhanc es the therapeutic effects of 
cells are primary human nucleated blood cells. The the blood cells; and 00 introducing cells resulting from 
carrier may be a liquid carrier (for example, a saline 55 step (i) into the patient under conditions such that the 
solution) or a solid carrier; eg., an implant In employ- cells resulting from step (Q 'target" to a tissue site. In 
ing a liquid carrier, the engineered cells may be intro- the alternative, as previously described the cells are not 
duced, e.g>, intravenously, sub-cutaneously, intramus- 'targeted'* and function as a systemic therapuetic. The 
cularly, intraperitoneally, intralesionaly, eta genes are inserted in such a manner that the patient's 

BRIEF DESCRIPTION OF THE FIGURES 60 ^°f^^ood<^ ^ P 1 ?^ * * e 

^^»^«r -i iun vir inc nuuiu» patient's body. In the case of antigen-specific blood cells 

FIG. 1A dem nstrates by assay for functi nal en- which are specific for an antigen present at the tissue 

zyme that murine 14.1-T cells containing an inserted site, the specificity of the blood cells f r the antigen is 

SAX vector express high levels of the neomycin resis- n t lost when the cell produces the product 

tant (neoR) gene product, neomycin phosphotransfer- 65 Alternatively, as hereinabove indicated, DNA 

ase (NPT). FIG. IB demonstrates the expression f (RNA) may be inserted into the blood cells of a patient, 

human adenosine deaminase (hAD A), also encoded by in vivo, by administering such DNA (RNA) in a vehicle 

the SAX vector inserted in the murine 14.1-T cells. which targets such blood cells. 
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The method of the invention can-be used, for exam- M re specifically, the present invention comprises a 

pie, in the treatment of cancer in a human by inserting method f detecting the presence f blood cells contain- 

into human primary cells, such as, f r example, blood Lag a marker, present at a site in a patient, to which site 

cells, which specifically "target" to a tumor and which the blood cells 'target", c mprising: (i) inserting into 

have been removed from a cancer patient and expanded 5 blood cells removed from the patient that are specific 

in culture, genes that enhance the anti-tumor effects of for an antigen (either known or unknown) present at the 

the blood cells. The blood cells can be expanded in site and that target to the she, a DNA segment encoding 

number before or after insertion of the genes. The the marker under conditions such that the marker is 

method of gene transfer in the blood cells is as described present in the blood cells; 00 introducing cells resulting 

above. Thus, the procedure is performed in such a man- 10 from step (I) into the patient under conditions such that 

ner that upon injection into the patient, the transformed cells resulting from step 00 can be found at the site; (iii) 

blood cells will produce the agent in the patient's body, removing from the patient an aliquot of tissue from the 

preferably at the site of the tumor itself, site, which aliquot includes cells resulting from step 00 

The gene carried by the blood cells can be any gene md progeny; and Qv) determining the quantity of 

which direcdy or intocctly enhances the ^therapeutic 15 me cells resulting from step fri) and their progeny, in 

effects, of the blood cells. The gene earned by the Wood ^ ^ t ^ e ^ ^ for le> ^ 

cem can be any gene which allows the blood cells to 9eM ^ blood ^ which specifically "target" to a 

exert a therapeutic effect that it would not ordinarily tumor m orQer t0 determine the traffic and survival of 

^? V tf^ "Sf?* * dotto * factor useful in ^ blood ^ ^ ^ Mternatively, the 

the treatment of hemoplriha. The ger^n encode one 20 blood cells circulate through the body, 

or more products having therapeutic effects. Examples jather than tars etins to a particular tissuesite. 

of suitable genes include those that encode cytokines *ri_ . 8 ° P 3 *" uasuc aic 

~lJ£r. , v: , « . v; «x - The marker gene can be any eene which is different 

such as TNF, mterleukms fintcrlcukins 1-12), mterfer- " *~! ~~ ^ « . rrT . , 

7~V o ' *™f lcu *™ Jr? wu * u ™ 1 y * . , from the genes m the blood cell mto which the marker 

suchashnmunoglobuW multo^g resistant gene, thymidmefanase gene, 

Additional examples of suitable genes include genes ^plactosina^ o^ya^folate reductase (DHFR) and 
that modify blood cells to •target" to a site in the body cnloroamphemcol acetyl transferase, 
to which the blood cells would not ordinarily "target," The ™*«8» can be inserted into a human pri- 
thercby making possible the use of the blood cell's ther- 30 mary °* such 35 a biood ceU ' together with a thera- 
apeutic properties at that site. In this fashion, blood cells ^ utic OT sc P aratd > r - ^ maiker ««« 
such as TIL can be modified, for example, by introduc- therapeutic gene may also be one and the same, 
ing a Fab portion of a monoclonal antibody into the To test the feasibility of using lymphocytes 

cells, thereby enabling the cells to recognize a chosen for BP** transfer, the retroviral gene transfer vector 
antigen. likewise, blood cells having therapeutic prop- 35 SAX <P* w - Kaatoff, «t al, PNAS 83:6563 (1986)) was 
erties can be used to target, for example, a tumor, that used to insert the genes for human adenosine deaminase 
the blood cells would not normally target to. Other (hADA) and neomycin resistance (neoR) into the mu- 
genes useful in cancer therapy can be used to encode ^ae T ^ iine 141 - SAX * a moloney virus based 
chemotactic factors which cause an inflammatory re- vector with the neoR gene promoted from the retro vi- 
sponse at a specific site, thereby having a therapeutic 40 131 LTR and the hADA gene promoted from an inter- 
effect Other examples of suitable genes include genes ™* SV4 ° promoter. The 14.1 T cell line was derived 
encoding soluble CD4 which is used in the treatment of ^ e draining lymph nodes of a BIOJ32 mouse 

AIDS and genes encoding a-antitrypsin, which is useful previously immunlred with sperm whale myoglobin 
in the treatment of emphysema caused by a-antitrypsin (SWM) by repeated cycles of antigen stimulation of 
deficiency. 45 these lymphocytes in tissue culture (L Berkower, et al, 

The gene therapy of the present invention is useful in J - Immunol 135:2628 (1985)). These 14.1 T-cells prolif- 
the treatment of a variety of diseases including but not erate when challenged with SWM in the presence of 
limited to adenosine n^minao** deficiency, sickle cell histocompatible antigen-presenting cells (without exog- 
anemia, rtmiawmU, hemophilia, dfab^rs, a-antitrypsin enous IL-2) or when stimulated with PHA and rIL-2 in 
deficiency, brain disorders such as Alzheimer's disease, SO vitro. An average of 20% of the 14.1-T cells achieved 
and other illnesses such as growth disorders and heart stable insertion of the SAX vector after a supernatant 
diseases, for example, those caused by alterations in the infection protocol (P. W. Kantoff, et al, PNAS 83:6563 
way cholesterol is metabolized and defects of the im- (1986)). The population of SAX-transduced 14.1-T cells 
mune system. was selected in the neomycin analog G418 so that all 

In still another embodiment, there is prodded a 55 cells were expressing the introduced genes and were 
method of detecting the presence of human primary then expanded by repeated cycles of antigen stimulation 
cells, such as, for example, blood cells containing a to obtain large numbers of transduced cells. FIG. 1A 
marker present in a patient, comprising: 0) inserting into demonstrates by assay for functional enzyme that the 
human primary cells removed from the patient a DNA cells containing the inserted SAX vector are expressing 
(RNA) segment encoding the marker under conditions 60 high levels of the neoR gene product, neomycin phos- 
such that the marker is present in the blood cells; (if) ph transferase (NPT). FIG. IB demonstrates expres- 
introducing cells resulting from step (i) into the patient; sion of human adenosine deaminase (hADA), also en- 
Qn) removing from the patient an aliquot f tissue coded by the SAX vector inserted in these T cells. The 
(which can be, for example, normal tissue, cancerous SAX-transduced, expanded population of 14.1 cells 
tissue, blood, lymph nodes, etc.) including cells result- 65 (14.1 SAX) were functionally unchanged except f r the 
ing from step (ii) and their progeny; and (iv) determin- gene insertion and its expressi n which provides for 
ing the quantity of the cells resulting from step (ii) and G41 8 resistance; the cells remained responsive to SWM 
their progeny, in said aliquot in vitro. 
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Athymic nude mice were then injected intraperitone- few days, alth ugh these studies have been limited by 

ally with 20 X 10« 14.1 SAX T-cells and immunized with the short half-life of the clinically acceptable isotopes 

100 fig soluble SWM. Athymic recipients were chosen (18 days for In) and the high rate f spontaneous release 

for these experiments because they have very little en- of the isotope from the TIL (B. Fisher, et al, J. din. 

dogenous T cell activity and therefore any T cells re- 5 OncoL 7:250 (1989)). Genes used as labels could poten- 

oovered from these mice at a later date should represent dally solve several of the problems associated with 

tb^ongmal injected 14.1 SAXceHs or their progeny radionuclide labels. Genes become stably integrated 

t JT^^t ««« mtraporitoneal injection of mt0 ^ genome of the target cell and then wifl be com- 

the 14.1SAX-T cdls. spleens from recipient athymic letd destroyed when & e cell dies so that any de- 

TT^T* 10 ^T^^^ 3 10 tected label should only be associated with the origbS 
expressing the introduced genes could be detected by m9 r\raA r*>n ^ t„ ^^«* ^ *vT 

demonstrating G418 resistence and nADA. FIG. 2 ** pi ?S C °? ra5t ^ Radionuclide 

shows the Sferative response of splenti^pho^ytes ^ which become dihited as cells prolrfera^ a gene 
and 14.1 cdkto stimula&n^th phytoheSS J"** also equafly mark progeny cells derived by 
and IL-2 and the effect of G418 cm this deration. 15 ^° Mmtl0 \ o{ * labelled cell 

Whfle control nude mouse splenocytes did proliferate PfP^on as occurs when TTL prohf eratoon is driven 
modestly to PHA+IL-2, this response was abolished by ^ S» vc * to *e patient An important 

low concentrations of G418. By contrast, PHA and J^aractenstic that is umque to the use of genes as cell 
IL-2 responsive lymphocytes recovered from the labels is their ability to introduce an entirely new rune- 
spleens of nude mice injected with 14.1SAX-T cells 37 20 tional property to the target cefl. With the gene neoR, 
days earlier remained resistant to G41 8, indicating per- for example, the target cell acquires resistance to the 
sistence of the transferred 14.1 cells as well as continued neomycin analog G418 which permits, as we have 
expression of the introduced neoR gene. These G418- shown for mouse 14.1 SAX T - cells, the selective recov- 
resistant recovered T cells were further expanded in erv °f the gene-marked cells by regrowth of recovered 
IL-2, tested for expression of the hADA isozymes by 25 C€ ^ 3 m the presence of G418. With recovery, the cells 
cellulose acetate electrophoresis and were found to be fr° m different sites could then be analyzed for their 
expressing the product of this introduced gene as well. functional phenotypes and potential correlations with 
Thus, antigen-specific T cells maintained in tissue cul- clinical efficacy. 

ture and transduced with foreign genes by retroviral- To explore the possibility that inserted genes might 
mediated gene transfer were able to survive and express 30 be used to label TIL, cultured TIL from 6 patients with 
the introduced genes for at least 37 days when rein- metastatic malignant melanoma were studied using the 
jected into an intact host animal. retroviral vector N2, which vector was described by 

Because of the success in demonstrating that cultured (D. Armentano, et al, J. Virology 61:1647 (1987)). N2 
T lymphocytes carrying inserted foreign genes could contains the gene neoR promoted by the retroviral 
survive for prolonged periods of time in mice and con- 35 LTR and has been used extensively by the inventors in 
tinue to express the inserted genes, situations were in- studies of bone marrow gene-transfer in mice and pri- 
vestigated where this technique might be used in man. mates during the past 5 years (M E. Eglitis, et al, Sci- 
S. A. Rosenberg, et al, Science 233:1318 (1986) have ence 230:1396 (1985>, D. Kohn, et al, Blood Cells 
shown that the treatment of experimental cancer with T 13:285-298 (1987)); P. W. Kantoff, et al, J. Exp. Med. 
lymphocytes which have been isolated directly from 40 166:219 (1987)). Human TIL were efficiently trans- 
the tumor and expandedin culture with rIL-2 can cause duced with N2 by exposure to viral supernatant pro- 
tumor regression Techmques for growing the tumor duced by ^ amphotropic packaging cell line PA317 
mffltratog Jy^^ A ^^^^ cancers which package cell line was described by (A. D. Miller, 
S^l^ P ^ typic A et al, Molecular Cellular BioL 6:2895 (1986)). The N2- 

S iTn^ w C t e T^oL°^: 45 transduced HL expressed sufficient neomycin phos- 

T%£Jt n *i !f ^.llii ^rfm^n^Y' P*°^erase (NFT) to become resistant to the toxic 
5. Topalian et al, J. Immunol Meth. 102:127 (1987); A. Im**. n e r-AUt «™i;fi>«>«™ Qe a*~*~- 

Befldegrun, et al, Cancer Res. 48-206 (1988)). In the ? ^ ^EE? , f**™ 

initial clinical studies using human TTL along with in- " na 3 ^ 0x1 average, 1^15% of *e N2- 

travenous infusions oFtdU in 20 patien^with ad- 50 T J^ff^ TT E ^l?^**^ 
vanced metastatic melanoma, objectivVremissions with ±e ^treated TIL died. After 10 days of selection m 0. 3 
at least 50% reduction of tumor burden were seen in m # ml G418 ' the surviving N2-treated population was 
55% of the patients (S. A. Rosenberg, et al, N. EngL J 0418 mG - 3B growth curves of N2- 

Med. 319:1676 (1988)). These were patients who had transduced and untreated TIL for the 30 day period 
failed air conventional forms of cancer treatment and 55 lowing gene insertion. Growth of the N2-transduced 
thus TEL therapy is expected to open a significant new TIL population as a whole slows initially when G418 is 
direction in the treatment of cancer. added to the culture (not shown, but resumes exponen- 

At this state in the development of TTL therapy, tial expansion as growth of the NeoR-expressing G418- 
many issues remain to be clarified including a more resistant subpopulation becomes established. After corn- 
complete understanding of the features of individual 60 Potion of selection, the N2-transduced cells as a rule 
TIL preparations which correlate with clinical antitu- grew at a rate comparable to that of TIL not transduced 
m r effects, the in vivo distribution and time of persis- with the neoR gene, 
tence f TIL after infusion, and whether distinct TEL To further characterize these cells and to 
functional phenotypes localize in the body in ways ble differences between th gene-transduced and non- 
which will permit prediction of their clinical efficacy. 65 transduced TEL, studies of the cell membran pheno- 

Traffickmg studies using radionuclides as cell labels type and the constitutive cytotoxic properties f the 
have shown that TIL from some patients do appear to tw cell groups have been performed (see Table 1 be- 
specrfically accumulate in areas of tumor within the first low). 
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CHARACTERISTICS OF N2-TRANSDUCED AND 
NON-TRANSDUCED TIL 



Untreated TIL 



NUmndaced tad G418 
Selected 



Phenotypc 
9b Positive 



Cytotoxicity 
%"Cr Release 



Phenotypc 

(rr HL n ,: t :.i. 

rTQSluVe 



Cytotoxicity 
%"Cr Release 



tient CD4 


CD 8 


Auto 


NK 


CD4 


CD 8 


Auto 


NK 


1 0 


97.9 


0 


0 


0 


98.7 


0 


0 


2 81.8 


19 


0 


0 


88.6 


1.4 


0 


0 


3 30.7 


605 


26.4 


6 


6.9 


82J2 


26.1 


4.7 


4 76.5 


13.7 


0 


0 


305 


68.6 


0 


0 


5 0.1 


97.7 


22.5 


0 


a7 


98.2 


25.5 


0 


6 8.9 


94.7 


4 


0 


5.4 


95.0 


2 


0 
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syngeneic spleen cells f r a 10 day rest phase. No ex ge- 
n os IL-2 was used with this T cell line. T introduce 
ex genous genes into these 14.1-T cells, 3 days after 
antigen stimulation the proliferating activated 14.1 cells 
were exposed to SAX supernatant (MOI=5) in the 
presence of 8 ag/ml polybrene for two sequential 4 
hour incubations. 

Twenty-four hours later the SAX-transduced 14.1 
cells were placed under selection with 0.3 mg/ml 0418 
for 14 days. The SAX-transduced G418 selected cells 
were then expanded by repeated 14 day cycles of anti- 
gen stimulation and rest on syngeneic feeder cells. Ly- 
sates from the G418-selected 14.1 population were pre- 
pared and assayed for the presence of NPTby measur- 
ing the phosphorylation of kanamycin with P32 labelled 
ATP after separation of KPT from endogenous phos- 
photransferases on a non-denaturing polyacrylanride 
gel (B. Reiss, et al, Gene 30211 (1984)). 

As shown in FIG. 1A, the 14.1 cells containing the 
inserted SAX vector express high levels of NPT. 

Lysates of the 14.1 cells were separated by electro- 
phoresis on cellulose acetate (B. Lira, et al, Molecular 
Cellular BioL 7:3459 (1987)) which was then stained for 



TIL transduced with N2 and selected with 0.3 mg/ml 
G418 for 10-14 days were compared with non-trans- 
duced TIL from 6 patients with metastatic malignant 
melanoma. These populations were analyzed for their 
surface membrane phenotypc as revealed by FACS 
analysis of 1X10 6 TEL stained monoclonal antibodies. 
Antibodies to CD4 (Leu 3) and CD8 (Leu 2) were used 
on populations and the percentage of the cells positive 
for each determinant are shown. Constitutive cytotoxic 

function of each TIL population was determined for m t . „ nf - , • ^ tr _^ rvf 

sensitive target cells (not shown) by a standard 4 hour 
56 Cr release assay at E:T ratios of 40:1, 15:1, and 4.5:1. 
Data shows target lysis at the 40:1 E:T ratio. TIL iso- 
lated from different individual donors have different 30 
phenotypic profiles as determined by various cell mem- 
brane determinants (CD4, CD8, etc.) and different lev- 
els of cytotoxic activity toward autologous tumor and 
other target cell types. Human TIL of both major phe- 
notypic subgroups (CD4 and CD 8) were readily trans- 35 G418 on the proliferative response of murine splenic 
duced by the N2 vector and expressed G41 8 resistance. lymphocytes and 14.1-T cells to stimulation with phyto- 
Some transduced and selected TEL populations (pa- hemagglutinin and IL-2 was studied, 
dents 3 and 4) showed more drift in their phenotypic Cultures of 14.1-T cells, 14.1 SAX transduced T cells, 
composition than others, and as expected with more splenic lymphocytes from nude mice and splenic lyn> 
prolonged culture, all of the TIL populations became 40 phocytes recovered from nude mice that had been 
progressively oligoclonal whether or not they had been given an intraperitoneal injection of 20x 10 6 14. 1SAX T 
transduced with N2 (not shown). TIL are often cyto- cells 37 days earlier were established with 2x 10 s 
lytic for autologous tumor cells but not other target cell cells/ml in flat bottom microculture trays using medium 
types in vitro. Of this group of six patients, TIL isolated and culture conditions previously described (L Ber- 
from two were cytolytic to autologous tumor cells, but 45 fc, wer> et ^ j # Immunol 135:2628 (1985) Proliferation 
not allogeneic melanoma tumor cells, NK (K562) or m response to stimulation with 5 ug/ml PHA (Well- 
LAK (DaudQ sensitive targets. The functional cyto- come) and 100 u/ml rH^2 (Cetus Corporation) was 
toxic activity profile of the TIL was unaffected by N2 aeasmd M the incorporation of 3H thymidine into 
transduction and G418 selection, even m those TIL DNA following an overnight pulse with 0.5 

populations showing some drift m T cell subset compo- 50 Q ^ ^ ^ Qf G4 J g ^ at 



IB). 

included as a control for the migration of hADA. 

The results are shown in FIG. IB which demon- 
strates the expression of hADA. 

EXAMPLE 2 

The following experiment was performed in order to 
demonstrate the continued expression of a transferred 
gene in gene modified T-cells. Specifically, the effect of 



sition measured by surface membrane antigen pheno- 
typc 

The present invention will be illustrated in detail in 
the following examples. These examples are included „ _ 
for illustrative purposes and should not be considered to 55 ceD harvesting system, 
limit the present invention. mG ' 2 



the concentrations of active drug indicated (FIG. 2) 
was added at the initiation of culture. Cultures were 
harvested for scintillation counting using a Skatron TM 



EXAMPLE 1 
The following experiment demonstrates that murine 



t shows, as the mean of triplicate cultures, the 
proliferative response of the murine splenic lympho- 
cytes and 14.1-T cells to stimulation with phytohemag- 
glutinin and DL-2 and the effect of G4 1 8 on this prolifer- 
14.1-T cells containing an inserted SAX vector express 60 ation. A review of the figure shows that whfle control 
high levels of the neoR gene product, NPT, as well as nude m use splenic lymphocytes proliferated modestly 
expressing hADA. to PHA -h IL-2, this response was abolished by low 

Long term cultures of the murine T cell line 14.1 concentrati ns of G418. By contrast, PHA and IL-2 
were maintained by repeated cycles of stimulation with responsive lymphocytes recovered from the spleens of 
4.0 jiM SWM in the presence of fresh irradiated (3000 65 nude mice injected with 14.1SAX-T cells 37 days ear- 
R) B 10.D2 spleen cells as antigen-presenting cells. Four lier remained resistant to G41 8, indicating persistence of 
days after antigen stimulation, the cultures were fed the transferred 14.1 cells as well as continued expression 
with complete fresh medium and placed n irradiated of the introduced neoR gene. 
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example 3 The ribosome binding site used upstream of the TNF 

gene was a synthetic one, a consensus sequence f r 
The experiment descnbed bel w was perf nned in translation initiation based on Kozak's rules (Kozak, 
order to verify that human N2-transduced TIL ex- NucL Acids Res. 12, 857-872 (1984) and having the 
P^snffic^tNCTtol^meresistamtothetoric 5 nucleotide sequence 5' TTCCGCAGCAGCCG- 
effecte of G418 oncelMar prohferaUoiL CCACC 3'. The vectors construct was packaged using 

naSl ^JZl^J^ZtT^ 3 PA317 «*" Q* 0 * *XmoL CeU 

patient with metastatic malignant melanoma were ex- j} l0 i 5 2895 2902 tt 986ft 

nwL«£v^^ Retroviral vector surirnatant is produced by har- 

^of^Jn^ 10 vestmg^ 

aliquot was removed and placed under selection in 03 **> been charac^ed and was used by us 

mg/ml G4 1 8 for 10 days. The cells were then to grown m ^ P?" 0133 °™ of m moMed 

without G418 for two weeks and then were tested for 15 !? y ^Jl'}*** 0 *' The .™ F ' Neo vector Preparations 
the effect of various concentrations of G4 18 on their ^ P ^ 317 extenavd y to that no 

proliferative response to 1000 u/ml IL-2. detectable replication competent virus is present Tests 

The untreated TIL (no vector) were compared with for replication-competent virus are conducted on both 
TIL which had been transduced with N2 and selected ^ e vector supernatant and on the TEL after transduc- 
with G418 (N2+G418) and with an N2-transduced 20 tion * Thc tenoning tests are run on the producer line 
TIL population which had not been further selected in and/or ^ supernatant: 

G418 (N2). Proliferation was measured by 3H-thymi- *) The virai titer ^ determined on 3T3 cells. Viral 
dine incorporation as described in Example 2. preparations with titers greater than 5X10* colony 

The results are shown in FIG. 3 A, wherein it maybe forming units/ml are used, 
seen that, on average, 10-15% of the N2-treated TIL 25 2 )« Southern blots are run on the producer line to 
population grew in G418 while >99% of the untreated detect the TNF gene. 

TIL died. After 10 days of selection in 0.3 mg/ml G418, 3) TNF production by the producer line is measured 
the surviving N2 treated population was G418 resistant and should be significantly above baseline control val- 

FIG. 3B shows the growth curves of the N2-trans- ues. TNF is assayed using standard biologic assays on 
duced and the untreated TEL for the 30 day period 30 the L929 sensitive cell line (Asher et aL /. Immunol 
following gene insertion. These results were obtained 138:963-974, 1987) or by ELISA assay (R&D Systems, 
using the following procedure. Minneapolis, Minn.). 

TIL from patient 1 were grown from a tumor biopsy 4) Sterility of the producer line and the supernatant is 
as described (Tobalian et al, J. Immune Method assured by testing for aerobic and anaerobic bacteria, 
138:4006-4011 (1987)) and then an aliquot was trans- 35 fungus and for mycoplasma, 
duced with the N2 vector by two 4-hour exposures to 5) Viral testing is performed including: 
viral supernatant (note: LNL 6 is identical to N2 except a. MAP test 
that LNL6 has several additional safety features). b.LCM virus 
Forty-eight hours later the transduced population was c Thymic agent 

^^^Zlff 6 ^^ 16 ^ ^ °' 3 ^J 01 40 d- S+I^-*ssay for ecotropic virus 
G418. Non-transduced TIL exposed to this selection e. S+L-for xenotropic virus, 
r^o^ere all dead by day 10. Growth of the N2- f. S+ I^for amph^c virus. 
tM«luced TIL population slowed when placed m g. 3T3 amplification. 

G4 18, butresumedat an exponential rate while still % mec tr£ rnicroscopy is performed to assure the 

under selection as the cells expressing the neoR gene 45 nf ^JZ^^^IJ^S^ 

became dominant by day 10. TIL cultures were fed and ~" • ^ v r ™ 

split as required (1-2 thnes per week) and the cumula- f JoUown^ tran^uction and growth of the TIL popu- 

tive ceD total calculated whenthe running total reached ^ ^/°? owm S tests are performed on the TIL 

>10* cells so that larger numbers of cells would not t^ox to ud^m^ p^U^ 

have to be maintained in culture. 50 0 Cell viability is greater than 70% as tested by try- 

In tins example, about 1 5% of the N2 - treated TIL P 3 ?^ <* ve 
population expressed the inserted gene sufficiently to 2) Cy* 0 * 0 ^ analysis is performed on over 200 cells 
permit growth in 0.3 mg/ml G41 8. After completion of prior to iDfasion to assure that tumor cells are absent 
selection, the N2-transduced cells as a rule grew at a 3) Sterility is assured by testing for aerobic and anaer- 
rate comparable to that of TEL not transduced with the 55 obic bacteria, fungus and mycoplasma. 
neoR gene. 4) S+I^-assay including 3T3 amplification must be 

negative. 

EXAMPLE 4-GENE MODIFIED T-CELL 5) PCR assay for the absence of 4070A envelope gene 

CLINICAL PROTOCOL must be negative. 

The TNF-NeoR vector is constructed by modifying 60 6) Reverse transcriptase assay must be negative, 
the Moloney murine leukemia vector. 7) S uthern blots run on the transduced TIL to assure 

Construction f TNF vector that intact pro virus is present 

The TNF gene containing vector, LT125N, was con- 8) TNF protein assay to assure the production of 
structed from the vector LXSN (Miller AD and Ross- TNF. Cells must be producing at least 100 pg TNF/10 6 
man G., 1989, Biotechniques 7:980-990.), using the en- 65 cells/24 hours. 

tire 233 amino add sequence encoding eDNA f the 9) EL-2 will be withdrawn from th culture medium 
natural human TNF gene (Pennies, et aL, 1984, Nature of an aliqu t f r at least one week to assure that cells do 
312, 724-729, Wang, et aL, 1985, Science 228, 14*-154). n t exhibit auton mous growth in the absence f IL-2. 
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10) Cyt toxicity against the autol gous and at least at 200 ml/flask and incubated at 37* f r 2 hours. During 

tw other targets are tested. Hie phenotype of the cells incubati n, the flasks are agitated every 15 minutes to 

as tested by fluorescence activated cell sorting analysis. resuspend the cells. The ori ginal medium is centrifuged 

At least tw days prior to surgery, peripheral blood to remove any remaining cells and decanted into new 

lymphocytes are collected by leukapheresis for four 5 containers. At the end of 2 hours, the cells are centri- 

hours. These are Ficoll-Hypaque separated and the fuged and resuspended in the original cleared medium, 

mononuclear cells from the interface, washed in saline, if the density is such that subculturing is necessary, the 

and placed in culture in roller bottles at 10* cells/ml. cells are diluted slightly to a density of about lOVml 

Half are placed into AIM-V (a serum free medium, and placed into fresh 6-well tissue dishes for continued 

Gibco Laboratories) with 6000 IU/ml IL-2 (Cetus), and 10 incubation. The following day, the above transduction 

half are placed into RPMI supplemented with 2% type- procedure is repeated. If the cell density at the conclu- 

compatible human serum, penicillin (unless the patient ^on of this second transduction is such that subcultur- 

is anergic), gentamicm, and 600 IU/ml TL-Z After 3 to - mg h necessary, the cells are diluted to 5 X lOVml for 

4 days cells are centrifuged and the supernatants are continued incubation. 

collected and filtered. These are referred to as LAK 15 TIL are to be selected in G418, the TIL are 

supernatants. cultured for 3 to 5 days after the second transduction 

J^^ y rT^? r rCSCCt10 ?' ^ Spe ^ ien(s) * and then G418 is added directly to the culture bags to a 

traiisported to the laboratory ma sterile container ^and ^ concentration of 300 ug/ml G418. After 10 to 20 

l^fr a T** dlS !!f 0n ^ m A lam ^ „ n days the cells are washed and resuspended at 3 to 

Kan^^ 6X105 * ^t^taining G418 

A^^^^^^^^J^^£^ and then cultured as described above. 

4 mm m diameter. These are placed mto an enzyme ttt „ * ^ A , - , 

solution of collagenase, DNAse^K I, and hyaluron^ * e to ^ ^ *" ™ 
dase type V for ovenright digestif at room tempera- 10* c^ are taken for cytologic* examination, 
tare. The resulting suspension is filtered through a\vire 25 Cytospins fe examined for the Presence of remaining 
mesh to remove any largTdebris, washed in salme, and tum f r ' At least 200 cells are studied and therapy pro- 
placed on RcoU-Hypaque gradients. The interface con- only * hcn n ? ^ ^ foun f CNto™- 
taming viable lymphocytes and tumor cells is collected ^P 1 * for characterization of cells surface 
and washed in saline, and a portion is frozen for subse- ™* kers and to assessment of cytotoxicity. Briefly, 
quent use as targets. 30 m stamed fluorescent-labeled antibodies 
TIL cultures are initiated at 5 X 105 ml viable cells < Leu2 ' Leu3 ' ***** Leull» Leul5, Leul9, 
(tumor plus lymphocytes) in 80% fresh medium/20% LeuM3, HLADR, and Tac). Chromium release assays 
LAK supernatant For half the cells, the fresh medium are performed with K562, Daudi, autologous tumor, 
is AIM-V supplemented with penicillin, fungizone, and 811(1 allogeneic tumor targets. 

6000 IU/ml IL-2; for the other half, the fresh medium is 35 ^ total cell number reaches about 2x10" 

RPMI supplemented with 10% human serum, penicil- cells ***** are collected in two or more batches by 

lin, gentamicin, fungizone, and 6000 IU/ml IL-2. The continuous flow centrifugation. Some of the TILs are 

cultures are placed into 6-well tissue culture dishes and cryopreserved for future use in 10 10 cell aliquots. 

incubated at 37* in humidified incubators with 5% CO2. For infusion TIL are reharvested. At the time of cell 

Usually the lymphocyte density is not much in- 40 collection, one liter of saline for injection is pumped 

creased at the end of seven days in culture, and the through the collection chamber and the centrifuge is 

cultures are collected, centrifuged, and resuspended at stopped. TTLs are resuspended in the collection bag, the 

5x10 s total viable cells/ml in newly prepared centrifuge is started again, and another liter of saline is 

80%/20% medium mixtures of the same type. Occa- pumped through to fully wash the TILs free of tissue 

skmally a culture will have increased lymphocyte den- 45 culture medium components. The cells are then filtered 

sity and need medium replenishment prior to seven through a platelet administration set into 600 ml transfer 

days. After this first passage, TIL are subcultured by packs (Fenwall), and 50 ml of 25% albumin and 450,000 

dilution when the density is between L5X10 6 and IU of IL-2 are added to the 200 to 300 ml volume of 

2.5 X 10 6 cells per ml; densities of subcultures are estab- cells in saline. The TIL are infused over 30 to 60 min- 

lished between 3 X10 5 and 6xl0 5 mL Cultures are kept 50 utes through a central venous catheter, 

in 6-well dishes when the volume is less than 1 liter, and Patients receive either LNL-6 modified TIL or TNF- 

transferred to 3 liter polyolefin bags (Fenwall) when the modified TEL (TNF-TIL). 

volume reaches one liter. The subcultures from bags are PYAMPT F 5 AnA rtimrkj ppnrnrm 

accomplished with Fluid Fill/Weight Units (Fenwall), EXAMPLE 5 ADA CLINICAL PROTOCOL 

which are programmed to pump prescribed weights of 55 Fresh peripheral blood mononuclear cells (MNCS) 

TEL culture and fresh medium into a new bag. When are separated from the red cells and neutrophils by 

subculture volumes exceed 3 liters, the fresh medium Ficoll-Hypaque density gradient centrifugation. The 

used is AIM-5. Cultures growing in serum-containing MNCs are then washed, counted and cultured at ap- 

medium are thus diluted into AIMW, and no further proximately 1 X 10 6 cells/ well in 24-well tissue culture 

LAK supernatant is added to cultures growing in 60 plates in AIM-V which consists of AIM-V (GIBCO) 

serum-containing or serum-free medium. with 2 mM glutamine, 50 U/mi penicillin, 50 ug/ml 

Tumor-infiltrating lymphocytes are transduced when streptomycin, 2-5 u-g/ml Fungizone and 25-1,000 U/ml 

the total number of lymphocytes is about 1-5X 10 s or f IL-2 (Cetus). At the initial plating, 10 ng/ml OKT3 

higher. Upt one-half f the TIL culture is centrifuged, (Ortho) monoclonal antibody is added to each well, 

the medium is saved, and the cells are resuspended in 65 The cells are cultured at 37° C in a humidified incuba- 

Viral Supernatant with 5 ug/ml protamine. Multiplied tor with 5% CO. 

ties of infection are about 1.5 to 10. The cells in Vital Growth, Transduction and Selection of ADA-Deficient 

Supernatant are placed int 800 ml tissue culture flasks T Lymphocytes 
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Once the T lymphocytes have begun to proliferate medium. When the cells are actively growing and not 

(usually 24-96 hr after initiati n of the culture) the cells yet confluent the medium will be poured off and 30-50 

are transduced by use of LASN vector (Blood, VL ml of medium containing the retroviral supernatant 

72(2) pages 876-81) 2 ml LASN vector-containing with 5 ug/ml protamine will be added to the flask, 

supernatant (containing protamine 5-10 fig/ml and up 5 Cornetta, et aL, 1 Virol Metk, Vol 23, Pgs. 186-194 

to 1,000 U/ml EL-2) are added to the wells after aspirat- (1989). The flasks will be incubated at 37* C for six 

ing off the top half of the medium. This is repeated 1-2 hours at which time the medium will be changed. This 

times dally for a period of up to 7 days. After the final procedure will be repeated up to three times. After 24 to 

exposure to retroviral vector the cells are fed with fresh 48 hours medium containing 300 u-g/ml G418 is added 

AIM-V and cultured another 2-7 days to permit the 10 directly to the flask and the ells will be grown and 

cultures to return to exponential growth. Approxi- subcultured for 7 to 14 days in G418 containing me- 

mately 80% of the culture 0.1-2.5X10 10 T cells are dium. The G418 concentration may be raised to 1 

infused into the patient and the remaining cells cryo- mg/ml depending on the health of the culture, 

preserved for future use or returned to culture for B. Tests on the Transduced Tumor Population, 

studying growth and selection procedures, phenotype 15 The following tests are performed on the tumor cells 

analysis, T-cell repertoire analysis and percentage of prior to injection into patients, 

cells demonstrating vector integration. 1) Cell viability will be greater than 70% as tested by 

An aliquot of the cells infused into the patient is saved trypan dye exclusion, 

for subsequent Southern analysis on the DNA from the 2) Sterility will be assured by testing for aerobic and 

cultured cells after digestion with a restriction endonu- 20 anaerobic bacteria, fungus and mycoplasma, 

clease which does not cut within the vector sequence to 3) S -f/L — assay must be negative, 

determine whether the gene-modified cells are poly- 4) Southern blot or PGR analysis will be run on the 

clonal with respect to retroviral insertion. transduced tumor to assure that pro viral sequences are 

Remfusion of hADA Transduced T Lymphocytes present 

The transduced cells are harvested, washed, and re- 25 5) TNF protein assay to assure the production of 

suspended in normal saline. The final cell preparation is TNF. Cells must be producing at least 1 00 pg TNF/ 10 6 

filtered through a platelet filter and transferred into a cells/24 hours, 

syrinige or transfusion pack for infusion. A test dose of C Injection of Tumor Cells. 

5% of the total volume is infused by peripheral vein Gene-modified tumor cells are harvested from the 

followed by an observation period of 5-10 ruin. 30 culture flasks by exposure to 0.25% versene (EDTA) 

Transduced cells were administered to patient #1 in for 10 minutes. The cells are washed three times by 

the amounts and at the times shown in FIG. 4. The suspension in 50 mis normal saline and centrifugation. 

ADA enzyme levels of patient #1 are shown in FIG. 5. The final cell pellet will be suspended in normal saline 

For purposes of completing this disclosure, the entire and counted. 2x10 s viable cells in 1 ml normal saline 

contents of the references cited herein are hereby incor- 35 are injected subcutaneously just beneath the skin in the 

porated by reference and relied upon. anterior mid thigh and the overlying slnn marked with 

EXAMPLE 6 GENE-MODIFIED TUMOR CELL d f ? 2 ^ lV ^ "J!? a ^Jf^ ewer 

nrTOTnAi rormv^i be given but not less than 2xl0 7 cells will be injected. 

uumuAL fKUiXHJUL About 3 cm lateral or vertical to this injection the pa- 

The TNF-NeoR vector was constructed as in Exam- 40 tient will receive two intradermal injections (separated 

pie 4, and retroviral vector supernatant is prepared and by 1 cm) of 2x 10 7 gene modified tumor cells in 0.1 ml 

tested as disclosed therein. normal saline and these sites also m a r ked by a tatoo dot. 

A Preparation of Gene-Modified Tumor Cells. These sites are monitored weekly by a physician. At 

Tumor cell lines are established in tissue culture from three weeks the patient undergoes excdsional biopsy of 

tumor fragments or single cell suspensions using stan- 45 superficial inguinal lymph nodes (without formal dis- 

dard tissue culture techniques. (Topalian, et aL, /. section) in the area draining the inoculation site for 

Immunol, Vol 144, pgs. 4487-4495 (1990)). Tumor and growth of lymphocytes. If tumor grows at any of these 

normal tissue are obtained immediately after surgery. sites they will be excised when they reach 1 to 2 cm for 

The tumors were minced into 1 mm 3 fragments and growth of TEL. If no tumor growth is evident then the 

dissociated with agitation in serum free DMEM (Dul- 50 sites of tumor injection will be excisionally biopsied at 8 

beceo Modified Eagle Medium)(Bio-fluids) containing 2 weeks after injection for pathologic analysis. 

mM glutamine, 0.1 mg/ml hyaluronidase, 0.01 mg/ml D. Growth of Lymphocytes. 

DNase I and 0. 1 mg/ml coUagenase for 3 hours at room At least two days prior to surgery, peripheral blood 

temperature. The cell suspension was then centrifuged lymphocytes are collected by leukapheresis for four 

at 800 g for 5 minutes and the pellet resuspended in a 55 hours, are processed, and then cultured as described in 

culture medium consisting of 5 ml of DMEM high glu- Example 4. 

cose (4.5 g/1) with penicillin and glutamine supple- It during the growth TIL, a patient's condition has 
mented with 10% fetal calf serum. The cells were either deteriorated to an unacceptable level, or if the patient 
centrifuged prior to being frozen in 90% FCS, 10% has developed significant r«rH«r> 1 renal, pulmonary, or 
DMSO at — 80* C, or plated in appropriate dishes or 60 hematologic dysfunction, then the patient will not re- 
culture flasks in culture medium. Plated cells were incu- ceive the infusion of TEL or ofIL-2 as described herein- 
bated at 37* C in a humidified atmosphere of 5% CO2 below. 

and 95% air. Within 48 hrs, the culture medium was When the total lymphocytes f r a patient are ready 

changed in order to remove all non-attached material. f r harvest, 5x 10 6 cells are taken from cyt 1 gical 

Subsequently, cultures were incubated for a period of 6 65 examination. Cytospins are examined f r the presence 

to 8 days without medium change. The turn rs grow as f remaining turn r. At least 200 cells are studied and 

adherent monolayers in tissue culture flasks (Falcon therapy proceeds only when no tumor cells are found. 

#3028; 175 cm 2 ; 750 ml) containing about 50 ml of Other lymphocyte samples are taken f r characteriza- 



